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Objective: The aim of this study was to determine whether an intervention with
individualized conditioning program based on past injury history and functional
movement screening would be effective in reducing ballet injury incidence.
Design: Prospective three year epidemiological study.
Setting: Professional Ballet Company and its in-house medical facility.
Participants: Dancers from a professional ballet company over the three year study
period. Participant numbers ranged from 52 to 58 (Year 1: 52; Year 2: 58; Year 3: 53).
Interventions: The intervention consisted of individual conditioning programs developed
using injury history and functional movement screening. Analysis was undertaken of
the all dancers who were present in the company during the study period. The
significance of change in injuries over a 3-year period was determined using a Poisson
distribution model.
Main Outcomes Measurements: To determine whether individual conditioning
programs resulted in a decrease in injury incidence over the study period.
Results: The injury count reduced significantly in Year 2 and 3 (P<.001). Injury
incidence for male dancers declined from Year 1 (4.76/1000hrs) to Year 2
(2.40/1000hrs) and Year 3 (2.22/1000hrs). For females, a reduction in the injury
incidence was observed in Year 2 (1.71/1000hrs) and Year 3 (1.81/1000hrs) compared
to Year 1 (4.14/1000hrs).
Conclusions: Through prospective injury surveillance we were able to demonstrate the
benefit of individualized conditioning programs based on injury history and functional
movement screening in reducing injuries in ballet.
Powered by Editorial Manager® and Preprint Manager® from Aries Systems Corporation
  
LWW Copyright Transfer and Disclosure Form
Click here to download LWW Copyright Transfer and Disclosure Form: CJSM copyrightTransfer NA 19.6.12.pdf 
  
*LWW Copyright Transfer and Disclosure Form
Click here to download LWW Copyright Transfer and Disclosure Form: CJSM copyrightTransfer MW.pdf 
  
LWW Copyright Transfer and Disclosure Form
Click here to download LWW Copyright Transfer and Disclosure Form: CJSM copyrightTransfer AN signed.pdf 
  
LWW Copyright Transfer and Disclosure Form
Click here to download LWW Copyright Transfer and Disclosure Form: CJSM copyrightTransfer YK.pdf 
  
LWW Copyright Transfer and Disclosure Form
Click here to download LWW Copyright Transfer and Disclosure Form: CJSM copyrightTransfer JB 2.pdf 
  
Table 1: Anthropometric details of the current participants by gender and year 
 Gender (no.) Age (yrs) [SD]  Height(cm)[SD] Weight(kg)[SD]  
Year 1 Male (n=25) 23 [4] 179 [4.3] 71.5 [4.7] 
 Female (n=27) 25 [5] 162[3.9] 49.2 [4.04] 
Year 2 Male (n=29) 24 [4] 179 [1.0] 71.5 [4.73] 
 Female (n=29) 25 [5] 162 [0.96] 49.2 [4.05] 
Year 3 Male (n=26) 24 [4] 179 [5.3] 72.2 [7.01] 
 Female (n=27) 26 [5] 164 [3.6] 51.2 [5.59] 
 
Table 2: Injury Incidence for female and male dancers’ for Years 1, 2 and 3  
 Overall Female male 
 Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Year 1 4.44 (4.00-
4.93) 
7 (6-8) 4.14 (3.57-
4.81) 
4 (3-5) 4.76 (4.12-
5.51) 
9 (8-11) 
Year 2 2.05 (1.78-
2.37)* 
9 (8-10) 1.71 (1.36-
2.13) * 
5 (4-7) 2.40 (1.99-
2.90) * 
11 (9-14) 
Year 3 2.02 (1.74-
2.35)* 
11 (10-13) 1.81 (1.44-
2.27) * 
15 (12-19) 2.22 (1.82-
2.70) * 
8 (7-10) 
 
 
 
 
Table
Table 3: Injury Incidence for female dancers by year and type (Overuse/Traumatic) 
 Year 1 Year 2 Year 3 
 Number 
of 
injuries 
(% of all 
injuries) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Number 
of 
injuries 
(% of 
all 
injuries) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Number 
of 
injuries 
(% of all 
injuries) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Overuse 117 (68) 2.82 (2.35-
3.38) 
3.(3- 4) 48 (63) 1.08 (0.81-
1.43) 
5 (4-7) 49 (65) 1.18 (0.89-
1.56) 
17(13-
23) 
Traumatic 55 (32) 1.33 (1.02-
1.73) 
6(4-8) 28 (37) 0.63 (0.43-
0.91) 
5 (4-8) 26 (35) 0.63 (0.43-
0.92) 
11(8-16) 
ALL 
INJURIES 
172 
(100) 
4.14 (3.57-
4.81) 
4(3-5) 76 
(100) 
1.71 (1.36-
2.13) 
5(4-7) 75 (100) 1.81 (1.44-
2.27) 
15(12-
19) 
 
Table 4: Injury Incidence for and male dancers by year and type 
(Overuse/Traumatic) 
 
 Year 1 Year 2 Year 3 
 Number 
of 
injuries 
(% of all 
injuries) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Number 
of 
injuries 
(% of all 
injuries) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Number 
of 
injuries 
(% of all 
injuries) 
Injury 
incidence 
(95%CI) 
Average 
Severity 
(Days) 
(95%CI) 
Overuse 110 (60) 2.84 (2.35-
3.42) 
9 (8-11) 41 (38) 0.92 (0.70-
1.02) 
6(4-8) 39 (40) 0.87 (0.60-
1.20) 
11(8-14) 
Traumatic 73 (40) 1.93 (1.53-
2.42) 
10(8-12) 66 (62) 1.48 (1.20-
1.90) 
15(12-
19) 
60 (60) 1.35 (1.00-
1.70) 
7(5-9) 
ALL 
INJURIES 
183 
(100) 
4.76 (4.12-
5.51) 
9 (8-11) 107 
(100) 
2.40 (2.00-
2.90) 
11(9-14) 99 (100) 2.22 (1.80-
2.70) 
8(7-10) 
 
  
Table 5.  Mean and range FMS scores: Year 1, 2 and 3. 
 
 Functional Movement Screen 
(score out of 21) 
Year Mean (%) Range (%) 
1 15 (71) 11-19 (52-95) 
2 14 (66) 9-17 (42-80) 
3 13 (62) 10-16 (47-75) 
 
 
 
Cause
Objective 
or 
outcome
Injury 
or deficit
Neuromuscular
Facilitation
Segmental 
deficit
Functional 
Integration
Figure
Figure 1: Graphic representation of the Hybrid Intervention Model and intervention program construction (early stage) 
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 32 
Abstract 33 
Objective: The aim of this study was to determine whether an intervention with 34 
individualized conditioning program based on past injury history and functional 35 
movement screening would be effective in reducing ballet injury incidence.  36 
Design: Prospective three year epidemiological study. 37 
Setting: Professional Ballet Company and its in-house medical facility. 38 
Participants: Dancers from a professional ballet company over the three year 39 
study period. Participant numbers ranged from 52 to 58 (year 1: 52; year 2: 58; 40 
year 3: 53). 41 
Interventions: The intervention consisted of individual conditioning programs 42 
developed using injury history and functional movement screening. Analysis was 43 
undertaken of the all dancers who were present in the company during the study 44 
period. The significance of change in injuries over a 3-year period was determined 45 
using a Poisson distribution model.  46 
Main Outcomes Measurements: To determine whether individual conditioning 47 
programs resulted in a decrease in injury incidence over the study period. 48 
Results: The injury count reduced significantly in year 2 and 3 (P<.001). Injury 49 
incidence for male dancers declined from year 1 (4.76/1000 hrs) to year 2 50 
(2.40/1000 hrs) and year 3 (2.22/1000 hrs). For females, a reduction in the injury 51 
incidence was observed from year 1(4.14/1000 hrs) to year 2 (1.71/1000 hrs) and 52 
year 3 (1.81/1000 hrs) year/1000 hrs. 53 
Conclusions: Through prospective injury surveillance we were able to 54 
demonstrate the benefit of individualized conditioning programs based on injury 55 
 4 
history and functional movement screening in reducing injuries in ballet.  56 
Key Words: 57 
Ballet; injury; risk; screening, intervention, conditioning program  58 
Clinical Relevance: The implementation of well structured injury surveillance 59 
programs can impact on injury incidence through its influence on intervention 60 
programs.61 
 5 
Introduction 62 
Reducing injuries within sport has been a challenge since classical years and the 63 
ancient Olympic Games.20 Artistic athletes like dancers16,19 are exposed to extreme 64 
physical demands21,37 and subject to risk of injury17,35,38 with injury rates varying from 65 
0.62-5.6 injuries/1000 hrs.15,22,29 Injury has been reported to be multi-factorial4,24,25 66 
and so strategies to prevent injuries may also need to be multi-factorial. 67 
Understanding injury risk, through establishing the extent of injury along with 68 
potential intrinsic risk factors, are key elements from which interventions can be 69 
planned and tested. Use of injury history and pre-participation screening data 70 
regarding musculoskeletal risk factors has been suggested in sports medicine.14  71 
In dance medicine literature, however, there are few epidemiological and screening 72 
studies from which interventional strategies for injury prevention can be evaluated. 73 
Bronner, et al 6 set out to determine the effect of implementing on-site medical care 74 
on in a modern dance company. The results revealed a significant reduction in 75 
workers compensation cases in the following three years. Similarly the positive 76 
impact of moving from an insurance-based funded system to an “in-house” medical 77 
care system for a professional ballet company has been reported over a period of 5 78 
years. 32 Both studies have demonstrated the impact on injury incidence with the 79 
implementation of in-house medical care. Nevertheless, it is still unknown the 80 
impact of combining injury audit data with screening data in the construction of 81 
conditioning plans on injury incidence in a ballet company that already has 82 
comprehensive in-house medical provision. Therefore the aim of this study was to 83 
evaluate changes in injury incidence following the implementation of individual 84 
intervention programs using results of a specially designed injury audit and 85 
screening program. 86 
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 87 
Methods 88 
Procedures 89 
This study has been based on Van Mechelen’s injury prevention model.39 The first 90 
stage was implementing an injury surveillance program starting at year 1, 91 
continuing throughout the three-year study period. At the beginning of year 1, a 92 
pre-season screening program, the Functional Movement Screen (FMS), was 93 
implemented. In year 1, injury prevention program was undertaken based on the 94 
FMS. In year 2 and 3 interventions were based on the FMS and injury surveillance 95 
data. The intervention consisted of individual conditioning programs developed 96 
using the Hybrid Intervention Model (HIM). The HIM was developed by the lead 97 
author as a means to create a format, based on clinical reasoning, to create 98 
consistency in the conditioning programs to all dancers. The effect was then 99 
evaluated at the end of year 2 and year 3 through injury audit. 100 
 101 
Participants 102 
The study prospectively followed a professional ballet company over three 103 
performance years (year 1: 2005-2006; year 2: 2006-2007; year 3: 2007-2008). 104 
The company consisted of between 52 and 58 dancers (year 1: 52; year 2: 58; 105 
year 3: 53). Data was collected on all dancers within the company during the study 106 
period (Table 1).  The study was approved by the University of Wolverhampton’s 107 
ethics committee. 108 
 109 
 7 
Injury Surveillance 110 
The injury audit provided both a global picture of injuries, and a valuable database 111 
to analyze individual’s injuries against the rest of the cohort. The present study was 112 
consistent with international consensus documents on injury surveillance in 113 
sport.12,13,31 A time-loss definition of injury was used whereby "any injury that 114 
prevented a dancer from taking a full part in all dance related activities that would 115 
normally be required of them for a period equal to or greater than 24 hours after 116 
the injury was sustained”. 1 Injuries were classified either as traumatic: "an injury 117 
that resulted from a specific identifiable event" or overuse "an injury caused by 118 
repeated micro-trauma without a single identifiable event responsible for the 119 
injury".12 A recurrent injury was defined as: an injury of the same type and at the 120 
same site as the index (first episode) injury, occurring after a dancers´ return to full 121 
participation from the index injury within 2 months (definitions modified from  Fuller 122 
et al12). Injuries were prospectively recorded by the in-house physiotherapists. All 123 
dancers were injury free at the start of the study. Dancers participated in 145 124 
performances of 15 different shows in year 1, 143 performances of 18 different 125 
shows in year 2, and 142 performances of 20 different shows in year 3, averaging 126 
7 performances per week during performance periods. Exposure was calculated by 127 
the lead researcher using estimations based on detailed call sheets and 128 
performance schedules as well as the dancers’ union contract that determined the 129 
amount of allowable dance related activity. 130 
 131 
Functional Movement Screen (FMS) 132 
 8 
The FMS uses 7 movement tests on a 4 point scale18,26 the deep squat; the hurdle 133 
step; the in-line lunge; the shoulder mobility test; the active straight leg raise 134 
(ASLR); the trunk stability push-up; and the rotary stability test.9,10. A notable 135 
aspect of the FMS in relation to other dance screening 33,36 is the absence of any 136 
dance specific testing. All screening was administrated (by NA) in the first two 137 
weeks at the beginning of the performance year, after the dancers’ return from a 5 138 
week off-season break.  139 
 140 
 141 
The FMS 18,26 was used to assess the “ability” and “quality” of normal movement 142 
patterns. An analysis of the individual test movements to determine dancer’s 143 
asymmetries and compensatory movements for determining an overall score and 144 
risk assessment based on generic criteria.  145 
 The outcomes were used to design individualized conditioning programs.  146 
There could be a risk of performance loss (and injury) if the movement was 147 
achieved by compensation elsewhere. Therefore the impact of stabilization at the 148 
lumbopelvic region was closely monitored. The sacroiliac joint provides a key link 149 
in the overall kinetic chain between the lower limb and hip, and the trunk.6,7 Part of 150 
the stabilization of this region is through compressive force closure due to muscles, 151 
ligaments and fascia.32 If these are weak or insufficient they affect sacroiliac 152 
stability32 and load transfer through the pelvic girdle.6,7 The FMS allowed the nature 153 
of pelvic/hip compensations to be identified- in particular with the “deep squat” and 154 
“in-line lunge” tests.  155 
 9 
 156 
 157 
Hybrid Intervention Model (HIM) 158 
Using observations of key performance attributes from elite sport and dance, the 159 
HIM was developed to construct individual conditioning programs. It was important 160 
that the same model could be applied to the design of conditioning programs for 161 
dancers with an injury, as well as dancers for whom a performance enhancement 162 
potential or injury risk was identified. The model incorporated the skill and 163 
“efficiency of movement” characteristics noted with elite dancers, together with the 164 
fitness and strength attributes of “traditional” elite sports athletes. The hybrid 165 
component looks to combine movement efficiency with strength training within the 166 
conditioning program in a cross-training approach.  167 
 168 
The HIM considers three points in each program: the injury or deficit; the cause of 169 
the injury or deficit; and the final outcome. The model looks to identify which of the 170 
three is the key “limiting factor” for the current stage (for example acute/early stage, 171 
sub-acute/mid stage, or chronic/late stage) of the injury/deficit. This then influences 172 
the relative ratios of the three components that are combined to form individual 173 
conditioning programs. The components are neuromuscular facilitation, isolated 174 
segmental deficit training, and functional integration. In the early stage of an injury 175 
or deficit, the key limiting factor may be the injury/deficit itself, with the cause and 176 
end stage objective carrying less immediate importance or weighting (fig 1).  177 
 178 
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The development of correct neuromuscular control and movement efficiency 179 
patterns has been hypothesized to be essential to provide a safe load to an 180 
injured/deficient region without risk of injury or compensatory movement or 181 
muscular patterns. The segmental deficit component identifies the muscle group(s) 182 
within the movement chain that is influential to the overall function but is deficient, 183 
and looks to improve it. The last component of the program is “functional 184 
integration”. In early stages these may be in unloaded postures that replicate 185 
functional activities, like jumping, but taking place on a Pilates reformer (a supine 186 
spring-based exercise machine on which a series of exercises can be carried out 187 
and resistance varied according to the number of springs employed or in a pool 188 
before being carried out in the studios.    189 
 190 
Progressing with the model though to “end stage”, the main limiting factor may be 191 
the proposed outcome set rather than the injury or cause. Thus conditioning 192 
program has a smaller emphasis coming from the neuromuscular and segmental 193 
deficit components of the program and a larger emphasis on the functional 194 
integration. This ensures the efficiency of the movement patterns alongside the 195 
strength and function work.  Each dancer’s program was facilitated by the lead 196 
researcher and developed by consensus with and delivered by the multi-197 
disciplinary medical team employed by the company.  198 
 199 
Statistical analysis  200 
The severity of injuries was calculated as the number of days between the date of 201 
injury and date of return and reported as mean severity with 95% confidence 202 
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intervals. The incidence of injury was calculated as the number of injuries per 203 
1,000 hours of dancing with 95% confidence intervals. A Poisson distribution model 204 
was used to calculate CIs.   The injury count was analysed assuming a Poisson 205 
distribution (Eq. 1) using the MLwin software (Version 2.22, Centre for Multilevel 206 
Modelling, University of Bristol, UK).  207 
 Injuries ~ Poisson(i) (Eq. 1) 208 
Because injury frequencies are counts, the number of injuries are analyzed using a 209 
log link. For the current injury data, we wanted to assess the effect of years on the 210 
number of injuries using the following model 211 
 Log(i)=cons + 2*year2 + 3*year3, 212 
where cons is the constant intercept parameter (for year 1) and 2 and 3 is  the 213 
estimated difference due to years 2 and 3 respectively. 214 
 215 
Results 216 
 217 
In year 1 (2005-2006) 355 injuries (female 172; male 183) were reported, with 183 218 
injuries in year 2 (female 76; male 107) and 174 injuries in year 3 (female 75; male 219 
99). Overall exposure periods were 79924 hours in year 1 compared with 89146 in 220 
year 2 and 86072 in year 3. Female dancers’ exposure was 41499 hours in year 1, 221 
44573 hours in year 2 and 41499 hours in year 3. Exposure periods increased for 222 
male dancers from year 1 (38425) to 44573 in year 2 and year 3. In respect to 223 
injury count the software estimated: 224 
 Log(i)=1.854(SE=0.052)–0.675(SE=0.089)*year2-0.832 (SE=0.094)*year3. 225 
 12 
where the SE=standard error of the estimate. The decline in year 2 was found to 226 
be -0.675 (SE=0.089: P<.001) and the decline by year 3 was also significant  227 
-.832 (SE=0.094; P<.001). By taking antilogs, the estimated mean injuries per 228 
dancer for years 1, 2 and 3 were: 229 
year 1 = exp (1.854) =6.39 230 
year 2 = exp (1.854-0.675=1.179) =3.25  231 
year 3 = exp (1.854-0.832=1.022) =2.78 232 
From observing the parameter estimates and the SE for years 2 and 3, the decline 233 
in the mean number of injuries per dancer in years 2 and 3 are highly significant 234 
(both more than 7 times their SE). There was a decrease in injury incidence for all 235 
dancers between year 1 and years 2 and 3. The injury incidence for male dancers 236 
declined from year 1 (4.8/1000 hrs) to year 2 (2.4/1000 hrs) and year 3 (2.2/1000 237 
hrs). A similar reduction in incidence of injuries for female dancers was observed in 238 
year 2 (1.7/1000 hrs) and year 3 (1.8/1000 hrs) compared to year 1 (4.1/1000 hrs). 239 
The mean injury severity in year 1 was 7 days (female: 4 days; male: 9 days). In 240 
year 2, this increased slightly for both male and female dancers to 9 days, (female: 241 
5 days; male: 11 days). In year 3, there was a further increase in injury severity (11 242 
days), with female dancers reporting an increase while male dancers reported a 243 
decrease (female: 15; male 8 days) TABLE 2. In year 1, the incidence of recurrent 244 
injuries for female dancers was 1.64/1000 hrs representing 40% or the total 245 
number of injuries sustained by the female dancers. In year 2 and year 3, this 246 
reduced to 0.61/1000 hrs and 36%, and 0.46/1000 hrs and 25% respectively. In 247 
male dancers, the recurrent incidence was 1.51/1000 hrs and 32% of the total 248 
number of male injuries in year 1, which reduced to 0.47/1000 hrs and 20%, and 249 
0.43/1000 hrs and 20% in year 2 and year 3 respectively.  250 
 13 
 251 
The incidence in female dancers  overuse injuries was consistently higher than 252 
traumatic injuries (year 1: 2.82/1000 hrs; year 2: 1.08/1000 hrs; year 3: 1.2/1000 253 
hrs) and accounted for a greater percentage of time loss (year 1: 54%; year 2: 254 
63%; year 3: 75%) (Table 3). Female dancers recorded reductions in both overuse 255 
and traumatic injuries between year 1 and year 2 (overuse: 61.70%; traumatic: 256 
52.63%), while between year 2 and year 3, overuse injuries increased by 8.47%, 257 
while traumatic injuries remained the same. The incidence of male overuse injuries 258 
was higher in year 1 (2.84 /1000 hrs dance) and accounted for a greater 259 
percentage of time loss (58%), while traumatic injuries were higher in year 2 260 
(1.48/1000 hrs) and year 3 (1.35/1000 hrs) and accounted for the greatest 261 
percentage of time loss (year 2: 80%; year 3: 51%) (Table 13). Male dancers 262 
recorded reductions in both overuse and traumatic injuries between year 1 and 263 
year 2 (overuse: 67.60%; traumatic: 23.31%) and year 2 and year 3 (overuse: 264 
5.43%; traumatic: 8.78%) (Table 4). The results of the FMS remained consistent 265 
and were expressed as a score out of 21 and as a percentage (Table 5).  266 
 267 
Discussion 268 
The aim of the study was to evaluate changes in injury due to implementation of 269 
individual intervention programs that were designed using results of the injury audit 270 
and screening program. Results indicated a significant reduction of injuries 271 
between year 1 and years 2 and 3. A further reduction of injuries was noted 272 
between year 2 and year 3. As the intervention was based on performance 273 
enhancement using movement patterns and comprehensive injury audit data rather 274 
 14 
than injury sites, the conditioning programs took the form of “whole body” 275 
conditioning as it enables them to be better conditioned to withstand the rigors of 276 
modern day elite level ballet. However, a small increase in injury severity was 277 
noted over the study period. The literature suggests that a reason for an increase 278 
in severity can be due to an increased awareness of the period required to fully 279 
rehabilitate injuries to prevent recurrences.30 Within this study the decrease in the 280 
recurrent injuries noted in both female and male dancers would support the notion 281 
that “extending” the rehabilitation period can help prevent recurrences.  282 
 283 
Randomized control trials are recommended for intervention studies.5 However; 284 
this can be impractical in high performance environments, as was the case in this 285 
instance. Van Mechelen’s injury prevention model39 shows how, through repeated 286 
measures testing (using injury surveillance), the impact of interventions may be 287 
observed. The present decrease in injuries through the 3-year study period is in 288 
line with other published dance reports. 8,35  Those injury reductions have been 289 
linked to changes in the health care provision, namely by providing in-house health 290 
care8, 35 and confirm calls for dance companies with an already established in-291 
house medical team to explore further means to reduce injuries. Indeed, we 292 
examined the impact of individual conditioning programs designed using data from 293 
an injury audit and functional movement screening. The information from the injury 294 
audit provided the understanding of the injuries, while the FMS further contributed 295 
to the understanding of intrinsic risk. In other dance studies,8,33,36  dance specific 296 
screening was used.  This study chose a normal movement screening to establish 297 
the nature of movement outside of the skill and technique as a dancer to provide a 298 
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more accurate indication of risk for when their skill or technique is diminished for 299 
any reason (for example by fatigue).   300 
 301 
The intervention used in this study comprised of individual conditioning programs. 302 
The programs were designed using on information regarding intrinsic risk via the 303 
injury surveillance and FMS. The HIM was used to steer the construction of the 304 
conditioning programs. The HIM has at its foundation a basis in developing the 305 
correct neuromuscular firing patterns and motor control stability, key components 306 
of dance movement efficiency. These principals have shown good outcomes, 307 
where dance training consisting of components of balance, coordination, muscle 308 
flexibility and agility, saw an improvement in hip motion, joint mobility and sport 309 
related low back pain.2 Research has also demonstrated the positive impact 310 
neuromuscular training has had on biomechanics, performance27,28 and injury 311 
prevention.23 Identifying areas of segmental deficit were also important as part of 312 
the program development. The benefit of isolated muscle training has been 313 
demonstrated in football.3 Muscles groups like Gluteus Maximus and Piriformis 314 
have been advocated as playing a key role in improving force closure of the 315 
sacroiliac joint and subsequent improvement in stability.34 With direct information 316 
regarding issues like lumbopelvic instability gained via the screening, these would 317 
be included within the segmental deficit training component of the intervention 318 
program. The use of functional integration in the final stage of each program was to 319 
challenge the neuromuscular firing patterns and segmental muscles groups in 320 
functional challenges to enhance their outcomes. 321 
 322 
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The intervention was designed to improve intrinsic factors such as muscular 323 
balance, stability and strength. The screening helped identify that the remarkable 324 
range of motion (noted with the “active straight leg raise” and “shoulder mobility”) 325 
can be at the cost of stability within key areas (a “give” or loss of control noted at 326 
the hips during “deep squat”, “hurdle step” and “in-line lunge” or winging of the 327 
scapula during “4-point kneeling”). Mechanism of injury (for example jumps/lifting 328 
partners) and injury history (for example injuries occurring at the end of rehearsals) 329 
recorded in the injury audit also suggested that strength and endurance would be 330 
beneficial areas to include in the conditioning programs.  331 
 332 
It was felt that improvements to intrinsic risk factors may improve overuse injuries 333 
with the definition of an overuse injury being associated with a process of micro-334 
trauma due to overloading.12 Greater differences were noted in the reduction of 335 
overuse injuries compared with traumatic injuries This supports the use of 336 
intrinsically focused intervention programmes for dance, particularly as the 337 
presence of higher occurrences of overuse injuries has been reported. 1,8,3,29  338 
 339 
 340 
Limitations 341 
A perceived limitation of this study was the failure to employ a randomized control 342 
trial for the implementation of the intervention program. Due to the multifactorial 343 
nature of injury it was decided to employ individual intervention programs that 344 
cannot be tested using a randomized control trial. This study elected to employ van 345 
Mechelen’s model of repeated measures to establish the foundation for the efficacy 346 
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of the interventions employed.  Further to this the validity and repeatability of the 347 
screening program had not been established within dance (although evidence 348 
exists in other sporting environments). However, the lead researcher with 349 
extensive experience in screening undertook all the screening for the study period 350 
to address inter-tester reliability. Further study into the reliability as well as 351 
predictive nature of the screening in dance would enhance our understanding. 352 
Finally, although the implementation of the HIM reflects a sound clinical reasoning 353 
process, the use of a previously untested model for the design of the intervention 354 
programs is a further challenge to the repeatability of this study. It is recognized 355 
that variations in workload, repertoire and the use of different guest 356 
choreographers may influence injury patterns. To ensure that the year 1 data was 357 
represented the typical workload of the company, a retrospective analysis was 358 
employed for the three years prior to the study (and the three years of the study). 359 
The repertoire remained relatively consistent, as did the use of guest 360 
choreographers; it was, therefore, felt that these factors would prove less of an 361 
influence in this study.  362 
Conclusion 363 
By combining injury audit and screening data and using the Hybrid Intervention 364 
Model to construct conditioning programs a significant reduction in injuries was 365 
demonstrated. The positive impact on injury incidence through the use of in-house 366 
medical teams in dance companies has already been demonstrated. In 367 
organizations that already have in-house medical teams a further challenge exists 368 
in reducing injury incidence. The results support the value of using injury audit data 369 
alongside normal movement screening to assist in the development of intervention 370 
programs as part of an injury prevention program in elite ballet.  371 
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